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(57) ABSTRACT

The invention concerns an optical coupler formed of a
photonic optical fiber (2) assembled by melting and stretch-
ing with at least one multimode optical fiber (4, 6). The
phototonic fiber can be used to inject or extract a signal,
whereas the multimode fibers can be used to inject pump
light.

The 1nvention 1s able to in particular effectively couple
multimode pumps 1n a laser cavity formed by a double
cladding fiber. In this case, the optical fiber 1s not used to
inject a signal, but to provide the coupler with a digital
opening and a diameter adapted to those of the cavity. The
invention 1s also able to couple one or several multimode
pumps 1n a double cladding fiber. In this case, this makes it
possible to retain in the coupler for the signal transmitted
through the photonic fiber a mode diameter greater than or
equal to the mode diameter at the inlet or outlet of the
coupler.

17 Claims, 1 Drawing Sheet
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OPTICAL COUPLER FORA MULTIMODE
PUMP

The present invention concerns optical fibre transmis-
sions and more specifically a coupler for a multimode pump.

Recently, “photonic” fibres have appeared on the market,
these fibres known as “photonic crystal fibres” (PCF). Like
conventional fibres, these fibres are not fully constituted by
a solid transparent material, such as doped silicon. Shown as
a section, a photonic fibre exhibits a plurality of air holes.
These holes are parallel to the axis of the fibre and extend
longitudinally along the fibre. In practice, these holes can be
obtained by producing the preform by assembling silicon
cylinders or capillary tubes whilst observing the pattern of
the holes to be obtained 1n the fibre. Stretching this preform
provides a fibre with holes corresponding to the capillary
tubes.

The presence of these holes in the material of the fibre
creates average index variations of the material. As 1n a
conventional optical fibre, these index variations can be used
to guide light signals with adapted wavelengths. A descrip-
tion of these photonic fibres 1s provided in the document
WO-A-00 49 435. This document, apart from showing the
operating principle of the photonic fibres, also describes a
directional coupler or ray separator. This coupler 1s formed
by heating and stretching two photonic fibres. The stretched
arcas of the two photonic fibres are welded during heating or
during a subsequent heating stage. The light propagating 1n
one of the fibres 1s then coupled i1nto another fibre. This
document also proposes assembling a photonic fibre with a
conventional fibre, that 1s a fibre without any holes, the
photonic fibre then being stretched and coupled into the
stretched zone. Stretching of the photonic fibre recloses the
holes of the fibre so that there are no longer any holes close
to the cut. The conventional fibre—according to the figure a
cladded core fibre—is also stretched and cut so as to have a
size 1dentical to the size of the stretched photonic fibre. The
two fibres are assembled end-to-end. The mode diameter
extends over the entire fibre in the stretched areas in the
shape of a cone. In the non-stretched portion of the photonic
fibre or conventional fibre, the light propagates normally.
Finally, this document indicates that the local stretching of
a multi-core photonic fibre makes it possible to create a local
directional coupler. In fact, the stretching of the fibre pro-
vokes a partial closing of the holes and an interaction
between the lights of the various cores.

The document EP-A-1 043 816 describes a double clad
fibre. The signal 1s transmitted into the doped core of the
fibre and a pump 1s 1njected nto the first cladding. So as to
direct the light of the pump towards the doped core, regions
with a modified index are provided in the first cladding.
These modified mndex regions can in particular be consti-
tuted by air holes. Nothing 1n this document indicates how
the pump 1s coupled 1n the cladding of the fibre.

The document EP-A-893 862 describes a bundle of fibres
having six pump injection multimode fibres surrounding a
monomode fibre for the signal. The fibres are assembled by
melting and stretching so as to reduce the diameter of the six
injection fibres and the monomode fibre to the size of the
core of a double cladding fibre. The bundle obtained 1s cut
and coupled end-to-end to the double cladding fibre. The
injection fibres are multimode fibres having a digital open-
ing smaller than that of the double cladding pumping fibre.
The monomode fibre 1s a clad core fibre which 1s used for
injection of the signal to be amplified 1n the double cladding
fibre or for extracting the signal from this fibre. The mode
diameter 1n the monomode fibre 1s a decreasing and then
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increasing function of the core diameter. Thus, 1t 1s possible
to select for the monomode fibre a core diameter after
melting and stretching, which ensures the same mode diam-
eter at the inlet and outlet of the monomode fibre.

This solution limits the degrees of freedom concerning
the design of the system. In fact, the core diameters at the
two extremities of the coupler are linked. This can render
production more complex. In addition, the solution requires
that the mode diameter decreases and then increases when
the stretched portion of the monomode fibre 1s traversed,
which can cause problems. Finally, the monomode nature of
the fibre for high values of the core diameter 1s not neces-
sarily ensured.

With respect to the above information, the problem
concerned by the invention 1s to simplity the production of
this coupler and also simplify management of the optical
characteristics of the coupler along the path followed by the
signal.

More speciiically, the invention concerns an optical
coupler having:

a photonic optical fibre having a stretched portion;

at least one multimode optical fibre coupled to the pho-

tonic optical fibre.

In one embodiment, the photonic optical fibre 1s at the
centre of assembling with the multimode optical fibres. The
photonic optical fibre can be assembled with the multimode
optical fibre(s) by melting, stretching or even be assembled
with the multimode optical fibres outside the stretched
portion.

The photonic fibre can also be an amplifying fibre. In one
embodiment, the photonic fibre 1s a multimode fibre. It 1s
then advantageous that 1t possesses 1n a non-stretched state
a multimode core diameter greater than or equal to 100
micrometers. In another embodiment, the photonic fibre 1s a
double cladding fibre. In this case, 1t 1s preferable that it has
in a non-stretched state a multimode core diameter greater
than or equal to 100 micrometers and/or a mode diameter for
the monomode core larger than or equal to 15 micrometers.

The photonic optical fibre can also have a second
stretched portion at 1ts extremity opposite the stretched
portion.

The mnvention also concerns a fibre laser having;:

this coupler as described above with a multimode photo-
nic fibre;

a laser cavity formed of an optical fibre connected to the
stretched extremity of the photonic fibre of the coupler;

at least one multimode pump connected at the inlet of a
multimode optical fibre of the coupler.

Advantageously, the difference between the diameter of
the multimode core of the photonic fibre and the diameter of
the multimode core of the laser cavity 1s less than or equal
to 5%.

The invention further concerns an optical amplifier hav-
ng:

the above-mentioned coupler with a double cladding
photonic fibre

a multiple cladding amplifying optical fibre coupled to the

stretched extremity of the coupler.

In this case, 1t 1s advantageous that the difference between
the mode diameter of the monomode core of the multiple
cladding optical fibre and the mode diameter of the mono-
mode core of the photonic fibre 1s less than or equal to 5%.
It 1s also possible to ensure that the difference between the
diameter of the multimode core of the multiple cladding
optical fibre and the diameter of the multimode core of the
photonic fibre 1s less than or equal to 5%.
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In one embodiment, the amplifier has a second coupler of
the same type, the extremity of the multiple cladding fibre
opposite the first coupler being coupled to the stretched
extremity of the second coupler.

Other characteristics and advantages of the invention shall
appear on a reading of the following description of embodi-
ments of the 1nvention given by way of example and with
reference to the accompanying drawings which show

FIG. 1 1s a diagrammatic representation of an optical
coupler according to one embodiment of the 1nvention;

FIG. 2 1s a diagrammatic representation of an optical
coupler according to another embodiment of the invention

FIGS. 3 and 4 are graphs showing the mode diameter of
the monomode core and the diameter of the multimode core
in the coupler of FIG. 2.

So as to embody an optical coupler, the 1nvention pro-
poses to assemble one photonic optical fibre and at least one
multimode optical fibre. The photonic fibre can be a multi-
mode optical fibre or a double cladding fibre. In a first
embodiment, the photonic fibre 1s a multimode fibre and 1n
this case the coupler 1s particularly adapted to be used for the
injection of multimode pumps, for example 1nto a laser
cavity formed of a double cladding fibre. In this first
embodiment, the photonic fibre 1s not used to 1nject a signal,
but ensures that the coupler i1s fully adapted to the laser
cavity 1n terms of digital opening and diameters.

In a second embodiment, the photonic fibre 1s a double
cladding fibre and here the coupler i1s then particularly
adapted to be used as a multiplexer, for example for injecting
a signal and multimode pumps into a doped double cladding
amplification fibre. The monomode core of the photonic
fibre 1s then used to inject the signal to the amplifier (or
extract the amplified signal), whereas the multimode core of
the photonic fibre 1s used to 1nject multimode pumps.

In either of the above cases, the coupler can be embodied
by means of melting and stretching or via the coupling of
fibres and stretching. The stretched portion with a conical
shape can, as 1n the document EP-A-893 862, correspond to
the site for assembling the fibres of the coupler, this embodi-
ment being that of FIG. 1. It 1s also possible to firstly
separate the coupling of the multimode fibres and the
photonic fibre, and secondly stretch the fibre and 1n this case,
only the photonic fibre 1s stretched, this embodiment being
shown on FIG. 2.

As 1ndicated earlier, the photonic fibre 1s understood to be
a 1ibre which 1s not, like conventional fibres, fully consti-
tuted by a solid transparent material such as doped silicon,
and when shown as a section, this photonic fibre has a
plurality of air holes or hole of another gas, even a vacuum.
These holes are parallel to the axis of the fibre and extend
longitudinally along the fibre. These holes, as indicated in
the french application filed by the Applicant on 16.03.01
under the number 01 03639 and entitled “Photonic optical
fibre having a large working surface”, have the effect of
inducing in the fibre local variations of the index, these
variations, like the variations induced in the fibre by doping
agents, contribute 1 guiding the light 1n the fibre.

FIG. 1 shows a diagrammatic representation of an optical
coupler according to the first embodiment of the mnvention.
In this embodiment, the coupler 1s adapted to coupling 1n the
outlet fibre 10 of multimode pumps. The photonic fibre is
multimode, 1.¢. 1s able to transmit light according to several
modes and may possibly have a monomode core. The
coupler 1s formed of the multimode photonic optical fibre 2
which 1s assembled to at least one multimode optical fibre.
In the example of the figure, two multimode optical fibres 4
and 6 arc represented. It 1s possible to use only a single
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multimode optical fibre. On the other hand, as indicated 1n
the document EP-A-0 893 862, it 1s possible to use six
multimode optical fibres distributed around the photonic
fibre. The choice of the number of multimode optical fibres
depends on the characteristics of the fibres, the nature of the
light to be coupled and the envisaged applications.

The photonic optical fibre 2 and the multimode fibres are
assembled by melting and are then stretched so as to form a
conical portion 8. In the assembly, the photonic optical fibre
remains at the centre. This assembling mode corresponds to
the one appearing in the document EP-A-0 893 862. It 1s also
possible to couple the multimode fibres to the photonic fibre
by lateral coupling techniques described i the documents
WO-A-95 10868, WO-A-95 10869 or WO-A-96 20519 so
that the light injected 1nto the multimode fibres 1s coupled
inside the photonic fibre. The conical portion would then be
separate from the portion in which the fibres are coupled. In
this case, the conical portion would simply correspond to a
reduction of the diameter of the photonic fibre accompanied,
if appropriate, of a disappearance of the holes from the
fibres.

In either case, the formation of the cone makes 1t possible
to cut assembling stretched to a multimode core diameter
corresponding to the diameter of the multimode core of the
fibre 10 to which the coupler 1s connected. The difference of
the multimode diameters 1s preferably smaller than 5%. This
fibre 10 may be a double cladding fibre used as a laser cavity.
A double cladding fibre 1s understood here to be a known
type of fibre having a first core adapted 1n such a way as to
ensure propagation according to a single mode of a light, and
a second core adapted to ensure propagation of the light
according to various modes. Thus, the fibre can result in the
monomode core having a signal or monomode light and
simultaneously result in the multimode core of the pump
light. The diameter mode for the monomode core 1s typically
5 micrometers and the diameter of the multimode core is
typically 200 micrometers. Such a fibre can be obtained by
selecting index profile with two steps: the first step or index
jump ensures confinement of the monomode light whereas
the second step ensures confinement of the monomode light.

The stretching of the photonic fibre—together with the
multimode fibres 1f appropriate—makes 1t possible to adapt
the multimode core diameter and the digital opening at the
outlet of the coupler. Initially, the photonic fibre has a large
multimode core diameter and a large digital opening. Thus,
this adaptation remains possible, even if the stretching of the
fibre and the corresponding reduction of diameter lead to a
reduction of the multimode core diameter and of the digital
opening. The use of a photonic fibre makes it possible to
retain good coupling with the fibre 10 placed at the coupler
outlet. The difference between the multimode core diameters
of the photonic fibre and the fibre forming the laser cavity is
preferably smaller than 5%. The extraction of the laser
signal 1s effected by known means via the extremity of the
cavity opposite the coupler, the 1njection of the signal being
cffected via the extremity of the cavity connected to the
coupler. It 1s also possible to have the coupler in the laser
cavity 1n which case the photonic fibre of the coupler forms
part of the cavity and in this case it may be advantageous to
have the photonic fibre doped.

By way of example, in the case of a coupler outside the
laser cavity, 1t 1s possible for the fibre forming the laser
cavity to use a double cladding fibre having a multimode
core diameter of 200 micrometers and a digital opening of
0.45. As a photonic fibre, 1t 1s possible to use a fibre of the
type indicated 1n said French patent application, namely
multimode and not necessarily having a monomode core and
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prior to stretching having a core diameter of about 600
micrometers and a digital opening of 0.16. The stretching of
this fibre brings the core diameter to 200 micrometers and
the digital opening to 0.45.

In the case of a coupler placed 1n the cavity, it 1s possible
to use the same fibre for the cavity. As a photonic fibre, it 1s
possible to use the same fibre or even a doped fibre of the
type described 1n the French patent application filed by the
Applicant on 16.03.01 under the number 01 03640 and
entitled “Double cladding photonic optical fibre”. It 1s then
possible to provide a second conical or tapered portion at the
other extremity of the coupler so as to connect this other
extremity to the laser cavity.

In the example of a coupler used for pumping multimode
pumps 1nto a laser cavity, the use of a photonic fibre makes
it possible to increase the degrees of freedom concerning the
design of the system, especially when selecting mode diam-
cters and digital openings.

FIG. 2 shows another embodiment of the invention. In
this embodiment, the coupler 1s used as a multiplexer and the
photonic fibre 1s used to 1nject a signal. It 1s then advanta-
geous for the photonic fibre to be a double cladding fibre, the
monomode core being used to inject (or extract) the signal,
whereas the multimode lights are coupled by the fibres
assembled 1n the multimode core of the photonic fibre. The
use of a photonic fibre 1n this embodiment has the following,
advantages. Before stretching, the photonic fibre has a large
mode diameter for the monomode core which may reach 30
micrometers, and a multimode core diameter which may
reach 400 micrometers or more. After stretching of the fibre,
so as to bring the multimode core diameter to 100
micrometers, the mode diameter of the monomode core 1S
reduced to 7 micrometers 1n the same proportions. The
digital opening 1s increased by an inverse factor and can
reach values of between 0.3 and 0.6 at the outlet of the
conical portion.

The mode diameter of the monomode core of the
stretched fibre 1s then approximately identical to the mode
diameter of a fibre mounted at the outlet of the coupler of the
invention. The difference of the mode diameters 1s prefer-
ably less than 5%. Thus, the invention allows good adapta-
tion at the outlet of the coupler for the monomode signal.
This characteristic 1s linked to the presence of holes 1n the
fibre which contribute 1n confining the monomode light 1n
the monomode core despite the large dimensions of this
COre.

Moreover, the photonic fibre also has a multimode core
with large dimensions prior to stretching. After stretching,
the multimode core can have a diameter compatible with
that of the fibre mounted at the outlet of the coupler. The
difference of the multimode core diameters 1s again advan-

tageously lower than 5%.

The coupler of FIG. 2 1s similar to that of FIG. 1.
However, the assembling of fibres 1n the coupler of FIG. 2
1s carried out some distance away from the conical portion
12 of the photonic fibre. In addition, the photonic fibre 1s
used for injecting the signal and thus has at its extremity
corresponding to the inlet of the coupler a stretched portion
14. Stretching makes it possible to reduce the mode diameter
of the monomode core of the photonic fibre so as to adapt 1t
to the mode diameter of the fibre 16 connected to the inlet
of the coupler so as to 1nject the signal. In the example of an
SMF fibre, the mode diameter could be about 10 microme-
ters. This value can be reached for the mode diameter of the
monomode core of the photonic fibre by reducing the
external diameter of the photonic fibre. It can be readily
understood 1n this case that for imjecting the signal, the
diameter of the multimode core of the photonic fibre is
unaifected.
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As when allowing adaptation at the outlet of the coupler,
the use of a photonic fibre thus makes it possible to be
adapted at the inlet of the coupler, this photonic fibre also
having a monomode core over its entire length, even 1n the

non-stretched portion.

There follows examples of amplifiers constructed from a
coupler of the type shown on FIG. 2. In the first example, the
photonic fibre 1s doped and provides amplification. It is then
possible to connect each extremity of the coupler to SMF
fibres having a core diameter of about 10 micrometers. For
the photonic fibre, a fibre 1s used of the type described 1n the
application 01 03640. If appropriate, the length of the
photonic fibre 1s increased. Before stretching, the fibre has a
multimode core diameter of 500 micrometers and after
stretching a multimode core diameter of 125 micrometers
without being aiffected. The monomode core diameter moves
from 40 to 10 micrometers which allows adaptation to the
SMF fibre. It 1s possible to use four multimode fibres with
a core diameter of 100 micrometers and which couple the
pumps 1n the photonic fibre.

In a second example, the multiplexer 1s separate from the
amplification fibre. In this case, it 1s possible to use the
photonic fibre of the application number 01 03639, said fibre
not being doped. The photonic fibre can have a multimode
core diameter of 400 micrometers and a mode diameter of
the monomode core of 30 micrometers. At the inlet, the
photonic fibre 1s stretched so as to have a monomode core
mode diameter of about 10 micrometers, like the SMF fibre
providing the signal. At the outlet, the photonic fibre 1s
stretched so as to have a monomode core mode diameter of
about 7 micrometers. The multimode core diameter reduces
to 100 micrometers and the digital opening changes from
0.15 to 0.6. The coupler 1s thus adapted at the output to an
amplification fibre having these digital opening and core
diameter values. It 1s possible to use the same pumps as in
the preceding example.

In a third example, a photonic fibre of the same type as
that 1n the second example 1s used, but with a multimode
core diameter of 100 micrometers, a monomode core mode
diameter of 14 or 15 micrometers and a digital opening of
0.15. Two pumps are used, each having a multimode core
diameter of 50 micrometers with a digital opening of 0.15.
At the outlet, the photonic fibre 1s stretched so as to have a
monomode core diameter of about 7 micrometers, the mul-
fimode core diameter changes to 50 micrometers and the
digital opening changes from 0.15 to 0.22. Compared with
the second, this example has the advantage of making it
possible to use more than one pump whilst having a small
digital opening at the outlet. The amplification fibre can be
a fibre having no low index polymer coating (of the type
making it possible to increase the digital opening) but at the
expense of the mechanical properties).

More generally, 1t 1s possible to use the following equa-
fion so as to determine the inlet and outlet diameters
according to the number of multimode fibres. The mlet and
outlet multimode diameters are marked d, and d,, the digital
openings given the references NA1 and NA2 and the num-
ber of multimode fibres 1s marked n. The term “inlet” refers
to the characteristics of the photonic fibre prior to coupling
with the mulitmode fibres and the term “outlet” refers to the
characteristics of this photonic fibre after coupling with the
multimode fibres. Thus one has:

(d,NA,/d, NA,)*=n

which 1n the example of eight fibres with identical outlet and
inlet multimode core diameters showing that the digital
opening of 0.12 at the inlet becomes 0.34 at the outlet.
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The use of a photonic fibre makes it possible to retain
along the stretched portion propagation characteristics
which are as advantageous as those present at the inlet and
outlet of the coupler. From a qualitative point of view, the
stretching of the photonic fibre results 1n a homothetic
reduction of the size of the holes present 1n the fibre, indeed
their complete disappearance. If the photonic fibre initially
has a large mode diameter, the mode diameter in the coupler
decreases 1n the conical zone but still remains larger than the
mode diameter at the outlet of the coupler.

To this effect, reference can be made to FIG. 4 of the
document EP-A-O 893 862. This figure shows that the mode
diameter 1s a decreasing and then increasing function of the
core diameter of a stretched fibre. This document suggest
selecting stretching so that the mode diameter of the
stretched fibre 1s equal to the mode diameter of the fibre
prior to stretching. This corresponds to the horizontal pro-
jection on the graph of the mode diameter according to the
core diameter of a horizontal line cutting the curve at two
points. Conversely, the invention suggests selecting a pho-
tonic fibre with a mode diameter 1n an non-stretched state so
that 1t 1s able to remain inside the coupler 1n the increasing
portion of the function associating the mode diameter with
the core diameter. Thus, the mode diameter reduces 1n the
conical portion and reaches a minimum value at the outlet
point of the coupler. However, as regards the entire coupler,
it remains greater than this value. The photonic fibre 1n
addition has a monomode core over 1ts entire length.

The photonic fibre 1s advantageously selected so as to
have a multimode core diameter of at least 100 micrometers
prior to stretching. This value ensures that stretching results
in obtaining multimode core diameter values compatible
with the fibres connected to the coupler. If the photonic fibre
1s a double cladding fibre, 1t 1s also advantageous that 1t has
a monomode core diameter of at least 15 micrometers,
which ensures that stretching results in having monomode
core diameters compatible with the fibres connected to the
coupler.

FIGS. 3 and 4 are graphs respectively showing the mode
diameter of the monomode core and the diameter of the
multimode core 1n the second example of FIG. 2. The
distance along the coupler 1s laid off as abscissa in mm and
the mode diameter or the multimode core diameter 1s laid off
as ordinates 1n micrometers. The abscissa 0 corresponds to
the start of the photonic fibre, that 1s the point of coupling
with the fibre 16 on FIG. 2. At this location, the fibre has a
monomode core mode diameter of 10 micrometers which
corresponds to the core diameter of a cladded core {fibre 1n
the prior art. The diameter of the multimode core 1s about
130 micrometers. The tapered or conical portion 14 extends
between the abscissa 0 and the abscissa x1, the latter
possibly having a value of about 2 m. At this abscissa, the
non-stretched photonic fibre has a monomode core mode
diameter of 30 micrometers and a multimode core diameter
of 400 micrometers. Between the abscissae x1 and x2, the
photonic fibre has a constant diameter. This portion corre-
sponds 1n FIG. 2 to the location of coupling of the multi-
mode fibres to the photonic fibre, the length x2—-x1 being the
length required for the lateral coupling of the multimode
fibres, possibly reaching about 2 to 3 meters. In an example
where the photonic fibre 1s used as an amplifying fibre, this
length would be much larger. The tapered or conical portion
12 extends between the abscissa x2 and the abscissa x3 over
a length of about 2 m. The mode diameter of the monomode
core at the outlet 1s about 7 micrometers and the diameter of
the multimode core 1s about 100 micrometers. These values
correspond to those of a conventional double cladding fibre.
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The graphs of FIGS. 3 and 4 show that, as regards the
entire length of the coupler, the photonic fibre has a mode
diameter greater than or equal to a value of 7 micrometers.
More specifically, in the first tapered portion 14 between the
abscissae 0 and x1, the mode diameter increases. It reaches
the value of 100 micrometers in the non-tapered portion of
the fibre between the abscissae x1 and x2. The mode
diameter then decreases 1n the portion 12 of the coupler. For
the signal transmitted, the fibre remains monomode over the
entire length of the coupler. By way of comparison, in the

device of the document EP-A-0 893 862, the mode diameter
has a nominal value of 10 micrometers at the extremities of

the coupler, but decreases to 7.5 micrometers inside the
coupler.

The mnvention 1s described above in a preferred embodi-
ment and a large number of variants are possible. In
particular, 1t 1s possible to change the parameters defining
the photonic fibre or the multimode fibres. So as to inject the
pump light, 1t 1s possible to use fibres other than multimode
fibres. The coupler can be used for applications other than
the amplifier or laser applications described. In the amplifier
examples, a double cladding amplification optical fibre has
been mentioned and it 1s also possible to use a multiple
cladding optical fibre or a photonic optical fibre of the type
described 1n the French patent application 01 03640 of the
Applicant. In the examples, a mono-directional system has
been considered and a bi-directional system 1s also possible.
Mounting can be symmetrical with a coupler injecting the
signal or pumps at each extremity of the laser cavity or of the
amplifying fibre. It 1s also possible to provide a sequential
mounting with couplers injecting the pumps 1n a same given
direction of propagation 1n successive fibre sections forming

a laser cavity or an amplifying fibre.
What 1s claimed 1s:

1. Optical coupler having;:
a photonic optical fibre having a stretched portion;

at least one multimode optical fibre coupled to the pho-

tonic optical fibre.

2. The coupler of claim 1, wherein the photonic optical
fibre 1s at the centre of the assembly with the multimode
optical fibres.

3. The coupler of claim 1, wherein the photonic optical
fibre 1s assembled with the multimode optical fibre(s) by
means of melting and stretching.

4. The coupler of claim 1, wheremn the photonic optical
fibre is assembled with the multimode optical fibre(s) out-
side the stretched portion.

5. The coupler of claim 1, wherein the photonic fibre 1s an
amplitying fibre.

6. The coupler of claim 1, wherein the photonic fibre 1s a
multimode fibre.

7. The coupler of claim 6, wherein the photonic fibre has
in a non-stretched state a multimode core diameter greater
than or equal to 100 micrometers.

8. The coupler of claim 1, wherein the photonic fibre 1s a
double cladding fibre.

9. The coupler of claim 8, wherein the photonic fibre has
in a non-stretched state a multimode core diameter greater
than or equal to 100 micrometers.

10. The coupler of claim 8, wherein the photonic fibre has
in a non-stretched state a mode diameter for the monomode
core greater than or equal to 15 micrometers.

11. The coupler of claim 8, wherein the photonic optical
fibre has a second portion stretched at its extremity opposite
the stretched portion.

12. A fibre laser having:

a coupler having a multimode photonic optical {fibre
having a stretched portion and at least one multimode
optical fibre coupled to the photonic optical fibre
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a laser cavity formed of an optical fibre connected to the
stretched extremity of the photonic fibre of the coupler;

at least one multimode pump connected at the inlet of a

multimode optical fibre of the coupler.

13. The laser of claim 12, wherein the difference between
the diameter of the multimode core of the photonic fibre and
the diameter of the multimode core of the laser cavity 1s less
than or equal to 5%.

14. An optical amplifier having

a coupler having a double cladding photonic optical fibre
having a stretched portion and at least one multimode
optical fibre coupled to the photonic optical fibre;

a multiple cladding amplifying optical fibre coupled to the
stretched extremity of the coupler.

15. The amplifier of claam 14, wherein the difference

between the mode diameter of the monomode core of the
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multiple cladding optical fibre and the mode diameter of the
monomode core of the photonic fibre 1s less than or equal to

5%.

16. The amplifier of claim 14, wherein the difference
between the diameter of the multimode core of the multiple
cladding optical fibre and the diameter of the multimode
core of the photonic fibre 1s less than or equal to 5%.

17. The amplifier of claim 14, wherein it has a second
coupler having a double cladding photonic optical fibre
having a stretched portion and at least one multimode optical
fibre coupled to the photonic optical fibre, the extremity of
the multiple cladding fibre opposite the first coupler being
coupled to the stretched extremity of the second coupler.
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